Sent: 

To: 



L-ro»ii: 



Luktoit, i^civij 

Monday. April 07 ?003 2:27 PM 
STIC-ff ^ 



Miner room: 9B05 
-Ic, ox room: 9B01 
:c: S number: 09/508635 



L4 ANSWER 19 OF 88 MEDLINE 

AN 2000239478 MEDLINE 

DN 20239478 PubMed ID: 10779207 



Tl Nutritional ***treatment*** with branched-chain amino acids in 
advanced liver ***cirrhosis*** . 

AU Marchesini G; Bianchi G; Rossi B; Brizi M; Melchlonda N 



SO JOURNAL OF GASTROENTEROLOGY, (2000) 35 Suppl12 7-12. Ref: 49 
Journal code: 9430794. ISSN: 0944-1174. 




1 



J Gastroenterol 2f)f)0; 35|Suppl Xn]:7-12 



loLirno! i)T — "i 

Gastroenterology 

(T) SfiriiiLict Vcrlit; 2m) 



Nutritional treatment with branched-chain amino acids in advanced 
liver cirrhosis 

Gnu lo Marcufsini, Giampaold Bianchi, Bri nfi.i a Kossi, Mara Brizi, and Na/ario Mn c hionda 

Dcparlmenl tif Inicrniil Medicine and Cjastroenlcrology. L'nivcrsity of Fioiogna. l^oliclidico S. Orsola, Via Massarcnti 
1-40 KvS Bolouna. It.ily 



Abstract: During the last 20 years there has been much 
interest in nutritional treatment for patients with 
advanced cirrhosis. Most studies have measured the 
potential benefit of nutritional supplements of dietary 
proteins, generic protein hydrolysatcs. or specific 
branched-chain amino acid (BCA A)-enriched formulas 
in regard to nutritional parameters and hepatic en- 
cephalopathy. The issue is not delinitively settled: data 
are conflicting and meta-analyses have failed to produce 
unequivocal results. A consensus review, recently pro- 
duced under the auspices of the European Society for 
Parenteral and Enteral Nutrition, concluded that: (1) 
patients with cirrhosis lend to be hypermetabolic, and a 
highcr-lhan-normal supply of dietary proteins is needed 
to achieve nitrogen balance; (2) most patients tolerate a 
normal or even increased dietary protein intake, with- 
out risk of hepatic encephalopathy; (3) a modified eat- 
ing pattern, based on several meals and a late evening 
snack, is useful: (4) in severely malnourished patients, 
amino acid supplements may be considered to provide 
the necessary amount of proteins to meet protein 
requirements; (5) in a few patients intolerant to the 
required protein intake, FiCAA supplements may be 
considered to provide the necessary nitrogen intake 
without detrimental effects on the mental state, perhaps 
even improving it. Future studies are needed to quantify 
the advantage of nutritional support with amino acids or 
BCAA supplements on overall well-being, complica- 
tions, and ultimately survival with a long-lasting disease 
where self-perceived health-related quality of life is a 
major outcome. 
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Introduction 

Since the pioneering study of Fischer and Baldessarini, 
who firstly linked hepatic encephalopathy to plasma 
amino acid imbalance via false neurotransmitter synthe- 
sis,' the area of amino acid therapy in liver disease 
has attracted attention. Several experimental studies 
have been carried out to confirm a specific effect of 
branched-chain amino acids (BCAAs) on protein and 
amino acid metabolism in the liver, peripheral tissues, 
and eventually the brain. In addition, in several con- 
trolled and uncontrolled clinical studies. BGAAs were 
given intravenously or orally to patients with advanced 
cirrhosis, hepatic encephalopathy, or both. After nearly 
30 years of debate, the issue is still not settled. Many 
data have been accumulated, but a specific advantage of 
BCAA-enriched solutions in hepatic encephalopathy 
and nutrition in malnourished patients with cirrhosis is 
far from proved. This review^ focuses on areas where 
final answers are still lacking, and where additional data 
are needed to settle an age-old question. 



Hepatic encephalopathy 

There is a sound rationale for the use of BCAAs in 
hepatic encephalopathy, particularly based on the fol- 
lowing points. 

1. BCAAs may provide an energy source to prevent 
endogenous catabolism, which contributes to plasma 
amino acid imbalance. This is mainly the case of 
cirrhotic patients, in whom BCAAs may be used 
preferentially as an energy substrate.' 

2. Exogenous BCAAs may provide the bulk of compe- 
tition across the blood-brain barrier, preventing 
entry of toxic amines.' 

3. BCAAs may directly increase ammonia metabolism 
in skeletal muscle tissue, sparing ammonia detoxi- 
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fication in the brain, which is hkely to enhance the 
entry of toxic amines. 

On these bases, several attempts have been made to 
treat patients with cirrhosis and hepatic encephalopathy 
with pure BCAAs or BCAA-enriched formulas. The 
expected results differ in rehuit>n to the type of en- 
cephalopathy. In acute cases, where precipitating fac- 
tors are of major importance and may determine the 
final outcome independent of encephalopathy, intrave- 
nous BC^AAs are supposed to exert a rapid phar- 
macological action at the blood-brain barrier level. In 
chronic cases, where acute events are of minor impor- 
tance, the putative action of BCAAs should be mainly 
on nutrition, with secondary effects on encephalopathy. 
Long-term treatment is required. 

Intravenous BCAA treatment for acute encephalopathy 

Seven randomized controlled clinical trials were re- 
ported on intravenous treatment of acute encephal- 
opathy with BCAAs in patients with cirrhosis.-^ 
Despite differences in patient selection, duration of 
treatment, amount of supplied BCAAs, and type of 
control therapy, a meta-analysis is possible. In sum- 
mary, 380 patients were randomized to receive either 
intravenous BCAA-enhched solutions (201 cases) or 
isocaloric parenteral nutrition with or without standard 
treatment ( 179 cases). In a meta-analysis, Naylor ct al." 
concluded that there was heterogeneity among trials m 
times of case-fatality rates, a few studies suggesting 
that BCAAs reduce death rates and others that the 
treatment group fared worse. When snnpiy pooling the 
data of these seven studies, the relative risk of death is 
seen not to be reduced by BCAAs when dropouts are 
mcluded in the analysis [odds ratio (OR) 0.81, 95% 
confidence interval (CI) 0.51-1.29; F = 0.190]. 

These results are not surprising. Most patients were 
treated during acute events, such as gastrointestinal 
hemorrhage and sepsis. The death rate is high among 
these patients and is more closely related to precipitat- 
ing factors than to coma. This also explains the large 
heterogeneity among studies, probably due to the 
different selection of patients. 

As to recovery rates, no heterogeneity was demon- 
strable among the five major trials; and BCAAs were 
found to produce significantly better results than stan- 
dard treatment." Even after inclusion of the last two 
negative trials,''^"' a mildly favorable effect of BCAAs on 
recovery rates was maintained (OK 1.48, 95% CI 0.96- 
2.29: P = 0.037), and negative trials found either a 
shorter time to recovery in patients treated with 
BCAAs'^ or a final outcome belter than that observed in 
the control arm.'" fn sunmiary, the advantage of 
BCAAs over control therapy remains low in terms of 



recovery rates fre>m coma in cirrhotic patients with 
acute encephalopathy, without any effect on survival. 

Oral BCAA tr^'atment for chronw encephalopathy 

Numerous controlletl and uncontrolled clinical trials' ' - ^ 
and excellent reviews have been reported on BCAA 
treatment for chronic hepatic encephalopathy (Table 
1). After excludmg the uncontrolled studies,'- -' studies 
performed in selected groups of patients,-' ^'" a purely 
metabolic studv,'-* a study randomized against lactulose, 
a drug of proved efficacy.'^ and trials in patients with 
subclinical encephalopathy'-^ where current indices 
of mental state cannot be used, eight comparable stud- 
ies remained.' ' '" ^-"^ These articles were critically 
revised in the hope t>f producing a meta-analysis, and 
se\eral conclusions can be stated.- 

1 . Patient selection is rarely thoroughly described in the 
studies. In particular, there is mention of the rejected 
patients only in two studies."*''*' 

2. Duration of treatment is extremely variable (from 3 
days to 60 months), which implies different thera- 
peutic hypotheses. Short-term studies assume a di- 
rect pharmacological effect of BCAA; long-term 
studies imply that changes in mental state are medi- 
ated by nutritional improvement. 

3. Sample size is small in most studies, implying a high 
risk of type II error. 

4. Withdrawal rate is high but is rarely considered. ^^-^ 

5. The proportion of patients with alcoholic liver dis- 
ease, who may have chronic alcohol-induced damage 
to the brain, varies from 29% to 90%. 

6. rhe proportion of shunted patients is between 0 and 
100%. 

7. The proportion of patients on lactulose similarly var- 
ies (from 8"o to 100%). 

8. The quality score of studies is between 0.199 (poor 
study) and 0.844 (well-conducted study). 

Control therapy was usually casein or dietary pro- 
teins; in only a few studies were carbohydrates adminis- 
tered. A total of 131 patients underwent treatment; 104 
w^ere treated in a parallel group design and 27 in a 
crossover design. The two largest studies,'^ accounting 
for 87 patients, were both positive. These studies have a 
completely different trial design. One was prophylactic, 
proving that BCAAs are less likely to produce ence- 
phalopathy than dietary proteins in subjects with 
impending coma. The other was therapeutic, showing 
superiority of BCAAs over casein in patients with 
encephalopathy on a normal protein diet. 

Unfortunately, it was not possible to subject these 
studies to a meta-analysis with the usual techniques, and 
individual data were no longer available by the leading 
authors.^" Therefore no final conclusion was possible. 
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Table 1. Control led trials on oral BCAA Ircalmenl for advanced liver disease 

Alternative 



Study 


Study type 


No. of cases Study period 


treatment 


Outcome 


Results 


Schafer'^' 


IH 


8 


4 8 weeks 


Cascin/CHO 


Encephalopathy 




Dubious 


Eriksson" 


CO 


7 


2 weeks 


CHO 


Encephalopathy 


Not different 


Sieg'^ 


CO 




3 months 


CHO 


Psychometry 


Not different 


Simko" 


pg 


10 


3 months 


NS 


Encephalopathy 


Not different 


McGhee'^ 


CO 


4 


1 1 dav^ 


Casein 


Encephalopathy 


Not different 












N balance 


Not different 


Riggio'" 


pg 


2S 


90 davs 


Lactulose 


Encephalopathy 


Not different 


Horst'^ 


pg 


26 


3 weeks 


Prt^teins 


Encephalopathy 


BCAA better 












N balance 


Not different 


Guarnieri'' 


pg 


7 


3 -4 months 


CHO/lipid 


F- ncephalopathy 


Not different 












N balance 


BCAA better 


Christie-" 


CO 




3 days 


Casein 


Encephak^pathy 


Not different 












Anthropometry 


Not different 












N balance 


Not different 


Egberts'' 


CO 


22 


1 week 


Casein 


Psychometry 


Dubious 












N balance 


BCAA better 


Eiaccadori- 


CO 


U) 


4 weeks 


Casein 


Encephalopathy 


Not different 












N balance 


Not different 




nr 


40 


7-62 months 


NS 


'^i 1 rvi V 1 

J U I V 1 V l1 J 




Svvart^-^ 


CO 


8 


5 days 


Proteins 


Psychc>metrv 


iNot uiiierent 












N balance 


i\ot uiiiereni 


Marchesini-'' 


pg 


61 


3 months 


Casein 


Encephalopathy 


BCAA better 












N balance 


BCAA better 


Plauth-" 


CO 


23 


8 weeks 


Placebo 


I'sychonietry 


BCAA better 


Chin-' 


CO 


10 


S weeks 


Standard 


Anthropometry 


BCAA better 


San- In Ciroup"'^ 


pg 


132 


1 year 


NS 


Encephalopathy 


BCAA better 












Nutrition 


BCAA better 


iir, rujl raiidoiTii/cd; 


CO, crossover; pg, parallel group; 


NS. not specified; BCAA. 


bra nched-ehain 


imino acids; ClIO. carbo 


hydrates 


'Children with end-stage li\er disease awaiting liver transphiniation 








' Palients with hepatocellular carcinoma 


after curative 


resection i^)*^ witli cirrhosis) 







The general conclusion was that physicians might not 
recommend the use of BCAAs in cirrhotic patients, in 
the presence of advanced disease, or with impending or 
overt encephalopathy- Based on this opinion, BCAAs 
are not provided by national health services in most 
European countries or in the United States. 

Alternatively, physicians can make their own deci- 
sions based on personal experience or may postpone 
any decision until new studies clarify the reasons for the 
different results. Finally, the scientific community may 
accept evidence supporting the beneficial effects of 
BC^AAs in selected patients on the basis of the results 
of the two largest studies in advanced lives disease 
patients. This cohort developed overt encephalopathy 
with increasing rates of alimentary proteins or had 
frankly altered mental states with dietary proteins at 
doses that maintain the nitrogen balance. 



vanced liver disease makes it dilTicult to measure the 
effects of therapy on nutrition. The best variable with 
which to study the nutritional effects of therapy is calcu- 
lation of the nitrogen balance, which was performed in 
only eight studies."^ '^ -'-^^^ In one study, control treat- 
ment did not include a comparable nitrogen supply.''* In 
the remaining reports, no clear-cut differences were 
demonstrated between BCAAs and alimentary pro- 
teins or when several determinations were performed at 
different nitrogen intake levels. '*^ '^ Only two studies'^ 
reported favorable results with BCAAs. implying a 
potential effect c^f exogenous BCAAs on nitrogen 
metabolism, a result indirectly supported by laboratory 
studies. The difference in favc^r of BCAAs is thin, 
however, and more studies are needed to rule out the 
possible bias of liver disease on nutritional parameters. 



Nutrition 

The nutritional effects of BCAAs are difficult to prove 
on a statistical basis. Few data are available, and ad- 



Consensus statement 

On the basis of this uncertain evidence, the European 
Society for Parenteral and Enteral Nutrition asked a 
consensus group to generate guidelines for nutrition 
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ill those with liver disease or who are utidergoing 
transplantation. Ihc docunieni, reported in 1997/' 
demonstrates liow nuieh our knowledge of nutritional 
problems in eirrhosis has improved but also how many 
areas still deserve attention. Several issues are probably 
settled, but new questions need answers. 

First, patients with cirrhe)sis lend to be hypermeia- 
bolic and spend most ot their time in a metabolic state 
similar to that seen with prolonged lasling/^' ( i>nnicting 
resuUs reported in the literature are probably due to 
differences in the way results are expressed (per kilo- 
gram body weight, fat-free mass, or body cell mass).'' 
The reason for accelerated catabolism inay be the 
hormonal imbalance, which is secondary to defective 
glycogen stores; the consequence is higher-lhan- 
normal protein requirements lo cope with increased 
gluconeogenesis.'^ rhere is evidence that 1.2-l.Sg of 
protein per kilogram body weight per day are needed to 
achieve nitrogen balance. 

Second, also in the presence of advanced disease, 
most patients tolerate normal or even increased protein 
intake, without risk of hepatic encephalopathy. This 
statement contrasts with the usual practice of restricting 
proteins to prevent hepatic coma. In hypermetabolic 
patients, the benetlt of a low-protein diet is minimum 
when compared to the large amount of amino acids 
entering the systemic circulation owing to protein 
degradation.'^ In contrast, malnourished patients may 
benefit from nutritional support with amino acids or 
oral proteins. Decreased morbidity and mortality are 
related to both improved nutrition and improved 
liver function. 

To prevent accelerated fasting and malnutrition, a 
modified eating pattern, based on several meals and a 
late evening snack, is useful.^'' Only in malnourished 
patients may amino acid supplements (or BCAA 
supplements in protein-intolerant patients) be consid- 
ered to meet protein requirements and to break the 
vicious circle linking malnutrition, hypermetabolism, 
and net protein loss. Finally, in patients with mild 
chronic encephalopathy or preclinical (latent) alter- 
ations of psychomotor function, BCAA supplements 
may help provide the necessary nitrogen intake with no 
detrimental effect on mental state, perhaps even im- 
proving it. Adequate dietary proteins may be a prereq- 
uisite for the beneficial effects of BCAA supplements. 

The last statement is based on studies with stable 
isotopes. BCAA-cnriched, aromatic amino acid free 
solutions, in combination with glucose and insulin, 
markedly decrease the rate of protein degradation.'" 
When aromatic amino acids are given in combination 
with BCAAs, protein synthesis is increased,^'' further 
increasing net nitrogen sparing. ^1 here is evidence that 
several nonessential amino acids become nutritionally 
essential in patients with cirrhosis, and diets or sup- 



plements poor in or free of specific amino acids may 
fail lo [)runiote nitrogen sparing. ^" The prevaihng fuel 
substrate mav also be invt)lved." 



Perspectives for the future 

Fncephalopathy and nutrition were the outcomes con- 
sidered so far. It is time to consider more subjeclive, 
cl mica My sound endpoints and to conduct cost /bene lit 
and cost/efficacv analyses. We need to know whether 
nutritional support prevents or delays complications in 
patients with uncomplicated cirrhosis and ultimately 
increases long-term survival. These outcomes have 
been tested in only a few studies. Daily supplements of 
l()(K)kca] and /i4g protein for 1 year reduce hospital 
admission in patients with cirrhosis of alcoholic (uigin, 
with no effects on long-term survival.^- Nutritional 
supplements providing 16g BCAAs per day for 7- 62 
months delay mortality by 2 years for up to 4 years after 
inclusion into the study.'' In patients undergoing cura- 
tive resection of hepatocellular carcinoma, in most cases 
superimposed on cirrhosis, perioperative nutritional 
support with BCAAs reduces liver functit)!! loss and 
prevents complications.-'' Finally, 1-year oral adminis- 
tration of BCAAs after curative resection ot hepatocel- 
lular carcinoma improves the clinical features and 
laboratory data without increasing tumor recurrence. 
This IS mainly the case with more severely affected pa- 
tients or patients undergoing major resections- Alt 
these data, biased by some flaws. -'^ need independent 
validation. 

Liver transplantation is a new area of research. 
Preoperative malnutrition increases posrtransplant 
morbidity and mortality in those with cirrhosis.^' and 
adequate nutritional support is warranted.-*"^ It is also 
lime to add new outcomes as primary endpoints. Sub- 
jeclive measures of health assessment, including the 
patient's overall well-being and reflecting mental and 
physical functioning, may replace biochemical data for 
measuring the results of long-term therapy. Patients 
are more concerned about quality of life and disability 
than ab(^ut longevity,^'' and a quantitative assessment of 
health-related quality of life may be considered in the 
evaluation of any therapeutic trial, This is mainly the 
case with chronic diseases, including cirrhosis, where 
long-term survival is not at risk and the goal of thera- 
peutic interventions is to maintain patients symptom- 
free and living in the community. In an Italian survey,^"* 
muscle cramping, sometimes associated with malnutri- 
tion and electrolyte imbalance, was the symptom more 
closely associated to poor health-related quality of life 
in patients with complicated and uncomplicated cirrho- 
sis. I'his new, unexplored area of quality of life in 
relation lo nutritional intervention deserves attention. 



G. Marchcsini ci a I.: BCAA therapy for cirrhosis 
References 

t hischci Jh. Hitidessai m; RJ P alsc ncuroli ansmitlers nnd hepatic 
iailurc. Lanccl \^)7\2:7r> 80. 

2 Kalo M, Miw^) \. lajika M, Hiraoka I, Mum Y, Monwaki \i 
Prcl'crcnlKil use f-r artchcii uhain aniiin> acids as uti energy suh- 
straic in paticnis wiih liver cirrhosis. Intern Med 1 VVS;.^7:42^> 34 

.V James JH, Ztparo \ , Jcpsson 15. t isclicr Jh. Hyperammonemia 
plasma amino acid unbalance and blood hrain aniuio acid trans 
port a unif ied llieorx of pioi labsN sleniic encephalopathy. L.ancet 
1 479:2 : 772 

4. Rossi-hant lh h. Kie^'.io (_). ( an^iano (_', (. ascino A, I>c ( onciliis 
D. Vlerli M. el al. B( anched-chain ammo acids vs lactulose in l]w 
treatment ot I]e[>attc coma; a controlled study. Diu, Dis Set 

I W2;27:92') - V^. 

S Wahrcn J. Denis J Dcsiirmoni P. Knksson I S. Kscotficr JM 
(iauthicr AP. cl al Is intravenous administration ot branched 
chain ainiiKt a^ids eftcctive m the treatment of hepatic encephal- 
opathy.* A multiceiiter study. 1 lepalttlogy 1 9S.3;.3:475-8(). 

6. Michel M. Bones P, Aubin JP, Pomier-I .ayargues G. Hauret P, 
Bellct neiman H l ieatmcnt of acute hepatic encephalopathy in 
cirrhotics with a branched-chain ammo acids enriched versus a 
conventional anuno acids mixtare. Ijver 1 9<S5;5:2S2-9. 

7. Terra f-B, ("hung NK, Fischer J el al Disease-specific amino acid 
infusion (FOSD) in hepatic encephalopathy: a prospective, random- 
ized, double blind controlled trial. JPEN l9S5;^:2<SS-95. 

S Fiaceadori P. (Ihinelli F, Pedretti G. Pelosi (i. Sacchim D. 
Zeneroli Vlf e! al. Branched-chain enrichetl amini* acid st)lutions 
in the treatment ot hepatic encephalopathy: a controlled trial. Ital 
J Cjastroenlerol I9S5:17:5 10. 
9. Strauss H. dos Santos \VR. da Silva l <:. Facet CM. Capacci MLL. 
I^ernardim AP. Frcatnient of hejiatic encephalopathy: a random- 
ized clinical trial comparing branched chain enriched amino acid 
solution to oral neomycin. Nutr Supp! Services 1 9S6:6: lX-2 I . 

10 Vilstrup H, Gkuid Hardt F. Knstcnsen M Kt>lcr (.). Meltiaard 
B. et al Rraiichcd chain enriched ammo acids versus glucose 
treatment of hepatic: encephal(.)[>ath> a double-blind study of 
b.S patients with cirrhosis. J Hepatol 1990:10:291-6. 

1 1 , Naylor GD. O Rourkc K. FJclsky AS. Baker JP. l^irenleral nutri- 
tion with branched-chain amino acids in hepatic encephalopathy: 
a metaanalysis. Gastroenterology 1 989:97: 1 0.V'^-42. 

12 Schafer K. Winther MB. l^kida M. Fewelmg H. Reiter HJ. Bode 
JC . IntUicncc of an orally administered protein mixture enriched 
in branched-chain amino acids on the chrome hepatic eiicephal- 
opathv of patients with liver cirrhosis. Z (}astroenterol 1981:19: 

I V F>ikss(>n FS, fVrsson A. Wahrcn J. Branched-chain amino acids 
in the treatment of chronic hepatic cnccphakipathv, (iut 1982:23: 
801(1. 

14. Sieg A, Walker S. C/ygan P, Ciartner G. Lanzinger-Rossnagel Cj. 
Sthiel A. el ;)i. Branched-chain amino acid-enriched elemental 
diet in patients with cirrhosis of the liver. / Gastroenterol 1983: 
21:644 .SO. 

)>. Simko V Pong term tolerance o\ a special ammo acid oral for- 
mula in patients with ativanced !i\er disease. Nutr Rep Int 
1983:27:763-73. 

16. McGhec A. Henderson M. Millikan \VJ Jr. Hleier JG. Vopci R. 
Kassouny M, et al. Gomparison of the effects of Hepatic Aid and 
a casein modular diet on encephalopathy, plasma amino acids, 
and nitrogen balance in cirrhotic patients. Ann Surg 1983:197: 
2H8-93. 

17. Riggio O. Gangiano C . Gascino A. Merli M. Stortoni M. Rossi 
Fanelli F. ct al. Long term dietary supplement with branched- 
chain amino acids: a new approach in the prevention of hepatic 
encephalopathv: results of a controlled study in cirrhosis with 
porto-caval anastomosis. In: Capocaccta L, Fischer ii-., Rossi- 
Faneili F, editors. Hepatic encephal(.)pathy in chronic liver failure. 
New York: Plenum: 1984. pp. 183 93, 



I 1 

18 I iorst D. (irace NO. Gonn HD. Schiff H. Schencker S. Viteri A. et 
al. C {)mparison <.)f dietary protein wiih an oral, branched chain- 
enriched ammo acid supplement in chrome portal-systenuc 
encephalopathy Hepatology 19S4;4 279 87 

19, Guarnieri GF. Fotgo R. Situlm R, Pozzalo Ci, Faccmi L. Marini R. 
il al, Mu^cle biopsy study on malnutrition m patients ^villi liver 
cirrhosis. In Gap!>caccia 1,. Ftschet IF., Rosst F-anelli F, editors. 
Hepatic encephalopathy m chronic liver failure. New ^'ork: 
Plcntmi; 1984. pp. 193 209. 

20 C hristie MP. Sack D\\. Pomposelli J. Horsi H Lunched 
branched chain amino acid formula vs a casein based supplement 
in the treatment ol cirrhosis. JPFN 1983;9:671-8 

21. Fgbcrts F.H. Schomerus H, Hamster W. .Iiirgens P. flranched 
ehain amint> acids m the treatment of latent portosystemic 
encephalopathy: a double -blind placebo-controlled er(.»ss tncr 
study. GastroenteroU)gy 1 98.-^;88 :887-9,s 

22. Fiaccadori F. Flia { iF. i ehndorff H. Merli M. Pedreiti C^i Riggio 
O. et al. 1 he eftecl ot dietary -supplementation with branched 
chain amino acids vs casein in patients with chronic reciuaent 
portal systemic encephalopathv: a controlled trial. In: Soeters PFV 
Wilson JHP, Meijer A.F Holm F. editors Advances in ammonia 
metabolism and hepatic encephaU>pathy. .Amsterdam: F.xcerpta 
Medica: 1988, pp. 489 97 

23. Yoshida T, Muto Y. Moriwaki H. Yatnato \\ F ffecl of long-term 
(►ral supjilernenlation with branched-chain amino acid granules 
on the prognosis ot liver cirrhosis. Ciastroenlerol Jpn 1988:24: 
692 8, 

24. Swart GR. van den Berg WG. van Wuure iK. Rietveld D 
Wattimena DP. Frenkel M. Minimum [)rolein requirements in 
liver cirjhosis determined hv nitrogen balance measurements at 
three levels of protein intake. Glin Nutr 1989:8:329-36. 

25 Marchcsini G. Dioguardi FS. Bianchi ( iP, /oli M. Bellati ( f Rofti 
F, et a!. Long-term oral branclied-cham amino acid treatment in 
Lliromc Itepatic encephalopatin : a randomi/ed, double blind. 
Lasein-controllcd study, J 1 lepalol 1991.1 l:92-l(tF 

26. Plauth M Fgberts PH. Hamster \V, lorok M. ^hllIer PH. Brand 
O, Long-term treatment of latent portosystemic encephal(.)pathy 
with branched-cluiin anmut acids: a double-blind placebo 
controlled cross-over stiuly. J Hepatol 1 993: I 7:.">08- 1 4. 

27. C hin SF. Shepherd Rw' I homas BJ, C'leghorn G.F Patrick 
MK, Wilct)X J.'\. ct al. Nutritional support in chiltlrcn with 
end-stage liver disease: a randomi/ed cross-over trial of a 
branched-chain amino acid supplement. Am J C lin Nutr 1992:56; 
15,^3, 

28. San- In Gioup of Liver Surgery. 1 ong-icrm oral administration ot 
branched-chain aiiiino acids after curative resection of hepatoccl 
lular carcinoma: a prospective randomi/ed trial. Br J Surg 1997: 
84:1.S2.5-31. 

29. Fahbri A. Magnni N. Bianchi C i, /,oli M. Marchesini G. Overview 
of randoniized clinical trials of c»ral branched-chain amino acid 
treatment in chronic hepatic encephalopatliy JPFN 1996:20:159 
64 

30. Marchcsini (i. Bianchi GP. /.oli M. Oral BGAA in the treatment 
of chronic hepatic encephalopathy [letter]. J Hepatol 1991 12:267. 

31. Plauth NL Merit M, Komlrup J. Weiniann A, Ferenci P. Miiller 
VIJ. FSPFN guidelines for nutrition in hver disease and transplan- 
tation C4in Nutr 1997:16:43-55 

32. Owen OF, Frapp VF;. Rcichan.1 J A Jr. Moz/oli MA. Mocie/uma 
J. Paul P, et al. Nature and ({uantity of fuel consumed in patients 
with alcoholic cirrhosis. J Glin hivcst 1983:72:1821 32. 

^^. McGullt)Ugh AJ. Mullen KD. Kalhan SG. Body cell mass and 
leucme metabolism in cirrhosis. Gaslroenlertilogy 1992; 1 02: 1325 
33. 

34. Bugianesi F. Kalhan S. Burkett F. Marchcsini G, McGullough AJ 
Quantification of glueonetigenesis in cirrhosis: response to gluca 
gon. Crastroenterology 1998:115:1530-40. 

35. b'Keefe SJ. Abraham R. Fl-7.ayadi A, Marshall W. Davis M, 
Williams R. Increased plasma tvrosine ctmcentrattons in patients 
with cirrhosis and fulminant hepatic failure associated with 



12 



G. Marchesini et al.: BCAA therapy for cirrhosis 



increased plasma lyrusinc flux and reduced htp^tlic oxidation 
capacity. CiastroenTen>logy 1481:81:1017-24 

36, Swart OR, Zilhkens MC. van Vuure JK, van den Berg JWO 
Effect of a lale evening meal on nitrogen balance in patients with 
cirrhosis of the liver. BMJ 1989;299: 1202-3. 

37. I essari P, Zanetti M. Barazzoni R, Biolo Cj, Orlando R. Veltore 
VI, et al. Response of phenylalanine anci leucine kinetics (o 
branched chain-enriched amino acids and insulin m patients with 
cirrhosis. Gastroenterology 1996:111:127-37. 

3K Petrides AS, Lu/i L. Reuben A, Reily C, DeFronzo RA. Fffeet of 

insulin and plasma amint> acid concentration on leucine metabt)- 

lism in cirrhosis. Hepalology 1991:14:432 41. 
3^ Chawla RK, Wolf DC\ Kutner MH. Bonkovsky HI Choline ma\ 

be an essential nutrient in malnourished patients with cirrhosis 

Gastroenterology 1 989;97: 1 51 4-20. 

40. leran JC. Mullen KD. McCullough AJ. Glutamine: a condition- 
ally essential amino acid in cirrhosis. Am J Clin Nutr 14V.s;62:SW7- 
9(X). 

41 . MeCullough AJ, Mullen KD, Kalhan SC. Defective nonoxidative 
leucine degradation and endogenous leucine flux in cirrht)sis dur 
ing an amino acid infusion. Hepatology 1 yv8;2K:l 3,"s7-64. 

42. Hirsch S, Hunout C, de la Maza P, Irurriaga H. Petermann M, 
Galtas V, el al. Controlled trial of nutrition supplementation in 
outpatients with symplomatie alcoholic cirrhosis. JPEN 1993:17: 
1 29-34. 



43. Fan S T. Co C-M, Lai ECS. Chu K M. Lm C L, Wong J. 
Perioperative nutritional support m patients undergomg hepatec- 
tomy for hcpatncellular carcinoma. N Engl J Med 1994:331:1547- 

52. 

44. Heyes SD. Long-term oral admmistration ot hranched- 
chain ammo acids after curative resection of hepatocellular carci- 
noma: a prospective randomized trial [letter). Br J Surg 19')8;8.^: 
423. 

45. Pikul J. Sharpe MD. Lowndes R, Cihent C N. Degree ot preopera- 
tive malnutrition is predictive of postoperative morbidity and 
mortality in liver transplant recipients Iransplantation 1W4:57: 

469-72. ' 

46. Weiman A, Kusc FR, Neuberger IM, Plaulh M, Piehlmayr R. 
Peru)perativc parenteral and enteral nutritiv>n for patients under- 
going orthotopic liver transplantation: results of a questionnaire 
from 16 European transplant units. Iransp] Int 1998:n:S28S'- 

47. Testa M, Simonson D. Assessment of quality of life outcomes. 
N Engl J Med 1996:334:835 40. 

48. McNeil BJ, Weichselbaum R. Pauker SCi. Speech and survival: 
tradeoffs between quality and cjuanlitv of life m laryngeal cancer. 
N Fngl i Med 1981 ..305:982-7, 

49. Italian Multicentcr Group for the Study of Quality of Life in 
Cirrhosis. Oualitv of life in cirrhosis. Ital J Gastroenterol Hepatol 
1999:31:98. 



